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METHOD FOR MULTIPLE BLASTING 



The present invention relates to a method of blasting, and is particularly concerned with a 
5 method of blasting multiple layers or levels of rock within mining operations, including 
layers that comprise waste material and/or recoverable mineral such as coal seams. 

Current practices in open cut coal operations generally involve separate drill and blast 
cycles for blasting separate layers of material, such as waste or "burden" (over- and inter-) 

10 and coal. Similar practices are sometimes followed in the recovery of metal ores and, 
where appropriate, the present invention will be described in terms of "recoverable 
mineral" encompassing both coal, metal ores and other recoverable material of value. In 
the case of metal ores, blasts may be conducted in layers whose thickness is often dictated 
by equipment requirements rather than mineralogical formations. However, the principles 

15 of blasting multiple layers as described herein may be equally applicable to that case. 

Typically, layers of overburden are drilled and fired separately to the underlying 
recoverable mineral seam and/or subsequent interburden layer(s) and recoverable mineral 
seam(s). Particularly in coal operations, overburden blasts may be undertaken as throw 

20 blasts (also referred to as cast or movement blasts) to achieve productivity gains from 
moving some overburden to a final spoil position directly as a result of the blast. After 
complete excavation of the remaining overburden, the recoverable underlying mineral 
seam is drilled and blasted as a separate event, usually with quite different blast design 
parameters more suited to the recoverable mineral. In particular, the blasts in these layers 

25 are usually designed to minimise unwanted crushing, damage and displacement of the 
recoverable mineral. Similarly, the subsequent layers of interburden below the upper 
recoverable mineral seam(s), and further recoverable mineral seam(s) are usually also 
drilled and blasted in separate respective blast cycles. 

30 A few operations undertake so-called "through-seam" blasting whereby overburden and 
underlying interburden are drilled and blasted in a single blast cycle, thus blasting through 
any intermediate seam or seams of recoverable mineral(s). These blasts are specifically 
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designed to minimise lateral movement of all of the material in order to avoid any 
disruption of the seam or seams of recoverable mineral, except possibly in a vertical sense 
but always with the goal of minimising dilution with the waste material. Thus, explosive 
powder factors in through-seam blasts are generally low and blast initiation timing that 
5 promotes forward or sideways movement of the material, such as used in throw blasting, is 
not employed in through-seam blasting. In conventional through-seam blasting the delays 
between adjacent holes are designed to be the same for each layer blasted. Often through- 
seam blasting is used where the seam or seams of recoverable mineral are relatively thin, 
allowing the subsequent mining of such seams without the need to load explosives within 
10 the seam horizons in the blast field. 

By way of example only, conventional through-seam or multi-layer blasting has been 
described in the following papers: 

15 Burrell M J., 1990. "Innovative Blasting Practice at Sands Hill Coal Company, Proceedings 
of the 16th Annual Conference on Explosives and Blasting Technique Orlando, Florida, 
USA, International Society of Explosives Engineers; 

Chung S.H. and Jorgenson, G.K. 1985., "Computer Design and Field Application of Sub- 
20 Seam and Multi-Seam Blasts in Steeply Dipping Coal Seams", Proceedings of the 
Eleventh Conference on Explosives and Blasting Technique, San Diego, California, USA, 
International Society of Explosives Engineers; and 

Orica Explosives, 1998. Safe and Efficient Blasting in Surface Coal Mines, Chapter 10, 
25 ppl56-159. 

Typically, mines that employ through-seam blasting have situations of steeply dipping or 
undulating coal seams. Such situations do not favour conventional strip mining that 
employs throw blasting of the overburden since the overburden and coal do not occur in 
30 regular layers that can be blasted separately with conventional blast designs. The essence 
of through-seam blasting is to drill long blastholes through the various layers of 
overburden and coal. In this process, the identification of the location of the coal seams 
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within blastholes is essential. Explosive charging of the blastholes is then conducted 
according to the location of the coal seams. Reduced or nil explosive charges are employed 
where the blastholes intersect the coal seams, in order to reduce damage and disruption of 
the coal seams. 

5 

Another paper, which describes an unconventional form of through-seam blasting, is 
Laybourne R.A., et al, "The Unique Combination of Drilling and Blasting Problems Faced 
by New Vaal Colliery, RSA", 95 th Annual General Meeting, Petroleum Society of CIM, 
1993, No. 93, CIM Montreal. According to this paper multi-deck blasting was introduced 

10 in deeper areas of a colliery to ensure noise and vibration levels were kept within design 
requirements, as well as to minimize overall blast ratios. The paper also describes 
through-seam blasting in areas of the mine where some of the coal has previously been 
extracted by underground mining, leaving pillars of coal inbetween. The paper suggests 
that, while coal contamination was anticipated to be a problem when blasting the pillars, in 

15 practice no serious problems were experienced and the technique proved to be very 
successful. Additionally, the paper notes that it was theorised that improved results and 
less coal contamination would occur using delays between pillar charges and the charges in 
the interburden, but that test work was conducted to investigate the theory with no real 
improvement being determined. 

20 

Korean Patent Application 2003009743 describes a method of blasting multiple layers of 
rock. Its purpose is to provide a more productive method for blasting a single rock mass 
while controlling vibration and other blasting environmental effects such as noise and 
flyrock, with the initiation direction being governed by the direction in which noise must 

25 be minimised. To achieve this, the rock mass is divided into multiple steps, with the length 
of the blastholes in the first step being determined by choosing a length appropriate to the 
minimum burden, the length of the blastholes of the second step being twice that of the 
first step, and the length of the blastholes of the third step being three times that of the first 
step. Equal blasthole spacings for each layer are proposed according to a very specific 

30 formula, and the order of initiation is specified as firstly the upper portion of the front row, 
then sequentially the lower portion of the front row, the upper portion of the next row, the 
lower portion of that row and so forth. The amount of explosives in each step may vary in 
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order to achieve the same blasting effect in all of the blastholes. 

It would be highly advantageous to provide a method of blasting that can increase overall 
mining productivity by allowing several layers of material to be blasted together within 
5 one drill, load and blast cycle in a more productive way than is currently provided by 
conventional blasting methods including through-seam blasting, and this is the aim of the 
present invention. 

According to a first aspect of the present invention there is provided, in open cut mining 
10 for recoverable mineral, a method of blasting plural layers of material in a blast field 
including a first body of material comprising at least a first layer of material and a second 
body of material comprising at least a second layer of material over the first body of 
material, the blast field having at least one free face at the level of the second body of 
material, the method comprising drilling blastholes in the blast field through the second 
15 body of material and, for at least some of the blastholes, at least into the first body of 
material, loading the blastholes with explosives and then firing the explosives in the 
blastholes in a single cycle of drilling, loading and blasting at least the first and second 
bodies of material, wherein the first body of material is subjected to a stand-up blast in said 
single cycle and said second body of material is subjected to a throw blast in said single 
20 cycle whereby at least a substantial part of the second body of material is thrown clear of 
the blast field beyond the position of said at least one free face. 

In the context of the present invention, unless otherwise stated or apparent, the term 
"layers" (and variations thereof such as layer) is intended to mean a predetermined region 
25 or zone within a blast field. In the case that the blast field comprises a geological 
formation of essentially the same material, a layer will correspond to a predetermined 
region within the material, the boundaries of the region being determined by the intended 
blast outcomes in the material. By way of example, in quarry blasting it may be desired to 
subject an upper region of material to a throw blast with another (underlying) region being 
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subjected to a stand-up blast. In this case the layers are artificially conceived based on the 
intended blast outcome rather than corresponding to physically distinct strata of the 
material being blasted. 

5 In the case that the blast field comprises plural strata of material of distinct characteristics, 
the layers will typically correspond to the strata since the blast outcomes associated with 
the present invention are then usually specific to each individual stratum. By way of 
example, the blast field may comprise a coal seam (stratum) extending beneath 
overburden. In this simple case the layers correspond respectively to the strata of coal and 
10 overburden. The first aspect of the invention will be described in more detail with 
reference to strata of material, but is not limited thereto. 

In an embodiment of this first aspect, the method involves blasting plural strata of material 
including a first body of material comprising at least a first stratum of material and a 

15 second body of material comprising at least a stratum of overburden over the first body of 
material. The present invention therefore provides in this embodiment a method of 
blasting plural strata of material including a first body of material comprising at least a first 
stratum of material and a second body of material comprising at least a stratum of 
overburden over the first body of material in a blast field having at least one free face at 

20 the level of the second body of material, the method comprising drilling blastholes in the 
blast field through the second body of material and, for at least some of the blastholes, at 
least into the first body of material, loading the blastholes with explosives and then firing 
the explosives in the blastholes in a single cycle of drilling, loading and blasting at least 
the first and second bodies of material, wherein the first body of material is subjected to a 

25 stand-up blast in said single cycle and said second body of material is subjected to a throw 
blast in said single cycle whereby at least a substantial part of the second body of material 
is thrown clear of the blast field beyond the position of said at least one free face. 

More generally, differential blast outcomes, specifically in the first aspect of the invention 
30 differential forward movement of the material, are achieved for different layers of material. 
In one embodiment, the first aspect of the invention involves the use of blasts that combine 
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a throw blast design for overlying overburden with one or more stand-up designs for 
underlying interburden and/or recoverable mineral seams, in a single cycle of drilling, 
loading and blasting (sometimes referred to as a "single cycle" hereinafter). Hence, the 
entire selected mass of material to be blasted, including for example overburden, 
5 interburden and recoverable mineral may be drilled, loaded with explosives and initiators, 
and fired essentially as a single event. 

To achieve suitable throw, the second body of material comprises a free face from which 
throw of material may take place. In this aspect of the invention, the free face extends at 

10 least partly, and preferably substantially, i.e. more than 50%, over the depth of the second 
body of material. In some situations it may be preferred that the free face does not extend 
into the first body of material since this may assist in protecting the first body of material 
against the effect of the throw blast of the second body of material. In this case a portion 
of the second body of material will overlie the first body of material in the direction of the 

15 intended throw associated with the throw blast. This portion of the second body of 
material may usefully buffer the first body of material thereby protecting it against any 
unwanted effect, such as stripping, that may otherwise occur as a consequence of the throw 
blast. Other possibilities for providing such buffering are described later. 

20 Substantial productivity gains can be obtained by throw blasting the overburden where 
currently the overburden is blasted in a stand-up mode in conventional through-seam 
blasting. Any throw of overburden into the final spoil position obtained using the method 
of the invention translates into a corresponding direct increase in productivity. For the 
purposes of the present invention "at least a substantial part of the second body of 

25 material" means at least 10% of the second body of material. The preferred minimum 
amount thrown clear in a conservatively designed throw blast is preferably at least 15%, 
and more preferably at least 20%, and generally throw blasting can achieve a throw of 25% 
or more. Conversely, for the stand-up portion of the blast, very little, if any, of the first 
body of material is thrown clear of the blastfield. 

30 

Productivity gains are additionally achieved by the first aspect of the invention from the 
reduction in drill, load and blast cycles. This alleviates the need for separate blast clean 
up, drill hole surveying and drill rig set up, explosive loading and blast firing steps in the 
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mining sequence. In particular, the need for dedicated drill rigs and dozing equipment 
normally used in the separate drill, load and blast cycles of the mineral seams is 
eliminated. Additionally, intermediate recoverable mineral seams that may have 
previously required separate blasting may not have to be blasted at all, instead being 
5 sufficiently broken by the underlying stand-up portion of the blast. 

Furthermore, wall control may be facilitated by the first aspect of the invention, since 
highwalls do not have to be established prior to a separate recoverable mineral blast 
occurring. Since dedicated recoverable mineral blasts generally occur at the toes of such 
10 highwalls, they may damage the highwalls and lead to wall failure onto the recoverable 
mineral. Additionally, the faster access to the recoverable mineral achievable by the first 
aspect of the invention, since it now does not require a separate drill, load and blast cycle, 
will tend to reduce the likelihood of wall failures onto the recoverable mineral prior to its 
removal. 

15 

The second body of overlying material may consist essentially of a stratum of overburden, 
that is essentially only overburden, while the first body of material preferably comprises 
recoverable mineral in one or more strata, and interburden in the case of two or more strata 
of recoverable mineral. However, this is not essential, since the first aspect of the 

20 invention can be applied to other combinations of layers of material. Such cases may 
include several layers of overburden and interspersed layers of recoverable mineral. The 
differential blast designs and outcomes in such cases of multiple layers may be made up of 
various combinations and sequences of the general case for two layers as described herein. 
In one possible scenario, a third body of material, which may comprise one or more strata 

25 of burden and/or recoverable mineral, may lie between the first and second bodies. Such a 
third body of material may be subjected to, for example, a throw blast in said single cycle 
of different design and/or outcome to the second body of material. For instance, in the 
single cycle the third body of material might be thrown a greater or lesser distance than the 
second body of material. It is also conceivable that a further body of material, which 

30 might comprise a stratum of burden or recoverable mineral, overlies the second body of 
material and is subjected to a stand-up blast with the second body of material being 
subjected to a throw blast. 
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The differences in blast design in the single cycle in the bodies of material may be dictated 
by differences in rock properties, such as hardness, quality or whether it is recoverable 
mineral or not, as well as by the need to provide for a stand-up blast in at least the first 
body of material and a throw blast in at least the second body of material. Blast design 
5 features that may be varied for the bodies of material include blasthole pattern, explosive 
type, density, loading configuration, mass, powder factor, stemming, buffering of the first 
body of material and explosive initiation timing. 

The blastholes in the blast field are usually disposed in plural rows extending substantially 
10 parallel to the at least one free face, and a primary parameter for achieving different 
outcomes in the different bodies of material in the blast field is different inter-hole and/or 
inter-row delays in the blasts in the different bodies. The different outcomes will be throw 
blasts versus stand-up blasts in a method according to the first aspect of the invention, but 
other differential outcomes may be desirable. Such other differential outcomes include 
15 fragmentation of the material. For example, it is often required to achieve fine 
fragmentation of overburden material to increase excavation productivity. By contrast, it is 
often required to achieve coarser fragmentation with more "lump" material in the 
recoverable mineral, particularly in the case of coal or iron ore. These requirements may be 
reversed for other minerals, for example in metalliferous or gold operations it may be 
20 desirable to achieve a finer fragmentation within the mineral layers than within the layers 
of waste material. This will increase the productivity of the downstream comminution 
processes of the ore. 

Thus, according to a second aspect of the invention, there is provided, in open cut mining 
25 for recoverable mineral, a method of blasting plural layers of material in a blast field 
including a first body of material comprising at least a first layer of material and a second 
body of material comprising at least a second layer of material over the first body of 
material, the method comprising drilling rows of 
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blastholes through the second body of material and, for at least some of the blastholes, at 
least into the first body of material, loading the blastholes with explosives and then firing 
the explosives in the blastholes in a single cycle of drilling, loading and blasting at least the 
first and second bodies of material, wherein the second body of material is subjected to a 
5 blast of different design including, for said at least some of the blastholes with a respective 
deck of explosives in each of the first and second bodies of material, at least different inter- 
row blast hole delay times between adjacent rows and/or different inter-hole blast hole 
delay times in any one row to that of the first body of material, resulting in a different blast 
outcome in the second body of material to that in the first body of material. 

10 

In this second aspect of the invention the term "layers" (and variations thereof) has the 
same intended meaning as described above in connection with the first aspect of the 
invention. 

15 A reference to "inter-hole" herein is to the blastholes in any one row of blastholes. The 
distance between blastholes in any one row is known as the spacing. The distance between 
rows of blastholes is known as the burden, and the burden is generally less than the* 
spacing. Usually, where the blastfield has a free face, the rows of blastholes will extend 
substantially parallel to the free face. The blastholes in any one row need not be exactly 

20 aligned but may be offset from each other or from adjacent blastholes in adjacent rows. 

In one embodiment of this second aspect, the method involves blasting plural strata of 
material including a first body of material comprising at least of first stratum of material 
and a second body of material comprising at least a stratum of overburden over the first 

25 body of material. The present invention therefore provides in this embodiment a method 
of blasting plural strata of material including a first body of material comprising at least a 
first stratum of material and a second body of material comprising at least a stratum of 
overburden over the first body of material, the method comprising drilling rows of 
blastholes through the second body of material and, for at least some of the blastholes, at 

30 least into the first body of material, loading the blastholes with explosives and then firing 
the explosives in the blastholes in a single cycle of drilling, loading and blasting at least the 
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first and second bodies of material, wherein the second body of material is subjected to a 
blast of different design including, for said at least some of the blastholes with a respective 
deck of explosives in each of the first and second bodies of material, different inter-row 
blasthole delay times between adjacent rows and/or different inter-hole blasthole delay 
5 times in any one row to that of the first body of material, resulting in a different blast 
outcome in the second body of material to that in the first body of material. 

The second body of material may consist essentially of the stratum of overburden. In this 
case, in both the first and second aspect of the invention, the explosives in the second body 

10 of material are usually spaced from the bottom of the second body of material. As 
described with reference to the first aspect, in the second aspect of the invention a third 
body of material may be disposed between the first and second bodies of material, the third 
body of material comprising at least one stratum of burden and/or recoverable mineral, 
with the third body of material being subjected to a blast in said single cycle of different 

15 design to the blast to which the first and/or second bodies of material are subjected in said 
single cycle. 

In the embodiment of blasting plural strata in either of the first and second aspects of the 
invention, the first body of material may comprise at least two strata of recoverable 

20 mineral and at least one stratum of interburden therebetween. In this case the explosives in 
the first body of material are usually disposed only in the at least one stratum of 
interburden. Also, the explosives in the interburden are generally spaced from the strata of 
recoverable mineral. In this embodiment the blastholes are typically not drilled into the 
lowermost strata of recoverable mineral in the first body of material. The explosives in 

25 each of at least some of the blastholes in the interburden may be provided as a main 
column of explosives and as a relatively small deck of explosives spaced from and beneath 
the main column. In this case the relatively small deck of explosives is usually fired on a 
different delay to the main column. 

30 In either of the first and second aspects of the invention, not all of the blastholes in the 
second body of material need extend into the first body of material. Any blasthole that 
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does not extend into the first body of material may, but need not, extend to the bottom of 
the second body of material and the phrase "through the second body of material" shall be 
construed accordingly. 

5 In the second aspect of the invention, and depending upon the desired different blast 
outcomes between the bodies of material, the blast field may not have a free face, or may 
have a partial free face. 

As noted above, the differential outcomes in the second aspect of the invention may 
10 comprise a' throw blast in the second body of material and a stand-up blast in the first body 
of material and for convenience the second aspect of the invention will hereinafter be 
described with these differential outcomes in mind. In this case, to achieve throw of the 
second body of material, the second body of material has an associated free face in the 
intended throw direction. Other aspects of the first aspect of the invention described 
15 hereinbefore may also apply individually or in combination to the second aspect of the 
invention, and vice versa. 

In another embodiment of either of the first and second aspects of the invention, the 
explosives in each of at least some of the blastholes in the second body of material may be 
20 provided as a main column of explosives and as a relatively small deck of explosives 
spaced from and beneath the main column. Here the relatively small deck of explosives 
generally is fired on a different delay to the main column. 

25 The explosives in blastholes in the first body of material may be initiated from the back of 
the blast (remote from the location of the free face) towards the front of the blast (adjacent 
the location of the free face). 

It is also possible that the explosives in blastholes in one or both of the first and second 
30 bodies of material may have an initiation point remote from edges of the blastfield. It is 
further possible that the blast in said one or both of the first and second bodies of material 
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may proceed in multiple directions from said initiation points. It may also be appropriate 
in some circumstances to reverse the direction of firing, thus firing some strata from the 
back to the front (free face end) and some in the opposite direction. In the first body of 
material this may be done, for example, to improve buffering of that body, as, discussed 
below. 

In one embodiment of the first or second aspect the blast field has a free face at the level of 
the second body of material and the explosives in blastholes in the second body of material 
adjacent the back of the blast (remote from the location of the free face) are initiated before 
the explosives in blastholes in the second body of material further forward (closer to the 
location of the free face). This may be done to raise the final height of the muck pile at the 
back of the blast, so that there may be no substantial throw of this portion of the second 
body of material. This can make the dozing and/or dragline operations more efficient and 
increase productivity by reducing dragline pad production requirements. 

In another embodiment of the first or second aspect, in said single cycle, for each blasthole 
with a respective deck of explosives in each body of material, the blast in the first body of 
material is initiated after initiation of the blast in the second body of material. The delay 
between initiation of the blast in the second body of material and initiation of the blast in 
the first body of material is typically about 40 seconds or less, preferably in the range of 
about 500 to 25000 ms. In an alternative embodiment of the first or second aspect, for 
each blasthole with a respective deck of explosives in each body of material, in said single 
cycle the blast in the first body of material is initiated before initiation of the blast in the 
second body of material. 

In the first aspect of the invention, differential blast design features for achieving the throw 
blast in the second body of material and the stand-up blast in the first body of material may 
be selected from one or more of blasthole pattern, explosive type, explosive density, 
blasthole loading configuration, explosive mass, powder factor, stemming, buffering and 
explosive initiation timing. 

Where the blastholes in the blastfield are disposed in plural rows extending substantially 



CLEAN SUBSTITUTE COPY 



- 13- 

parallel to the at least one free face, for said at least some of the blastholes with a 
respective deck of explosives in each of the first and second bodies of material, the blast in 
the first body of material may have different inter-hole delays in any one row and/or 
different inter-row delays between adjacent rows to the blast in the second body of 
5 material. 

In the second aspect of the invention, differential blast design features between the blast in 
the second body of material and the blast in the first body of material may be additionally 
selected from one or more of blasthole pattern, explosive type, explosive density, blast 
10 hole loading configuration, explosive mass, powder factor, stemming and buffering. 

By way of example, where the blasting is for the recovery of coal and the second 
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body of material is overburden, the following blast design parameters for throw and stand- 
up blasts, respectively, may apply: 

The "throw-blast" design may have, but not be restricted to, powder factors in the 
range 0.1-1.5 kg/m 3 (mass of explosive per unit volume of rock - typically 0.4-1.5 
kg/m 3 ), blasthole spacings and burdens in the range 2 m-20 m (typically 5 m-15 
m), blasthole depths in the range 2 m-70 m and any explosive type, density or 
loading configurations used in normal blasting operations, such as ANFO blends, 
densities in the range 0.1 - 1.5 g/cm 3 and bulk pumped, augured, packaged or 
cartridged explosives. The inter-hole delays may be in the range 0-40000 ms, 
preferably, 0-100 ms, more preferably 0-45 ms and typically 1-30 ms, and the 
inter-row delays may be in the range of 0-40000 ms, preferably 0-2000ms and 
typically 30-500 ms. The "throw-blast" portion of the blastholes will generally 
fire before the "stand-up" portion of the blastholes, with a separation in time in the 
range of 0-40000 ms, preferably 0-30000 ms, more preferably 100-25000 ms and 
typically 500-5000 ms. The "throw-blast" design will preferably have a complete 
or partial free face and substantially open void in front to allow the material to be 
thrown into the void. 

The "stand-up" blast design may have, but not be restricted to, powder factors in 
the range 0.02-1.5 kg/m 3 (mass of explosive per unit volume of rock - but 
typically in the range 0.05-0.8 kg/m 3 and sometimes restricted to 0.05-0.4 kg/m 3 ), 
blasthole spacings and burdens in the range 2 m-20 m (typically 3-15 m), 
blasthole depths in the range 2 m-70 m and any explosive type, density or loading 
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configurations used in normal blasting operations as mentioned above for the 
throwblast. The inter-hole delays may be in the range 0-40000 ms, preferably 0- 
1000 ms, more preferably 0-200 ms and typically 10-100 ms, and the inter-row 
delays may be in the range 0-40000 ms, preferably 0-2000 ms, more preferably 
5 1 0-400 ms, and typically 20-200 ms. 

While a maximum delay of 40 seconds has been identified between the blasts in the first 
and second bodies in the single cycle (for each blasthole with a respective deck of 
explosives in each body of material), this is generally only limited by the available initiator 
10 technology and may be even longer than this, effectively without limit, in accordance with 
the invention. For example, the delay may be several minutes, hours or days. 

In one embodiment of the above example, a higher powder factor and explosive loading in 
the second body of material, to be subjected to the throw blast, may be in the range 0.3 to 

15 1kg, preferably 0.4 to 1 kg explosive per m 3 rock, as against 0.01 to 0.8 kg, preferably 
0.01-0.5 kg explosive per m 3 rock in the first body of material, to be subjected to the stand- 
up blast. The blasthole pattern in the blast field may have more blastholes in the second 
body of material than in the first body of material. Thus, some of the blastholes in the 
second body of material may not extend into the first body of material, or even to the 

20 bottom of the second body of material. The first body of material may have more inert 
decks, whether by way of stemming or air decks, and/or lower energy/density explosive 
than the second body of material. Inter-hole blast delays may be shorter (typically 0-3 ms 
per m spacing) in the second body of material than in the first body of material (typically 
>3 ms per m spacing) and inter-row delays may be greater (for example, > 5 ms per m 

25 burden, typically >10 ms/m) in the second body of material than in the first body of 
material (typically < 10 ms/m burden). The delay between the throw blast in the second 
body of material and the stand-up blast in the first body of material may be as discussed 
above. In another timing variation, the initiation within explosives columns in each body 
of material may differ by utilising multiple primers within columns in both bodies of 

30 material with different inter-primer delay time in each body, or by utilising multiple 
primers in a column in only one of the bodies, with the explosives in the body having only 
one primer in each column. Primers may also be situated in different points of the column, 
ie near the top, centre or bottom of the explosives column to achieve different outcomes, 
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such as swell and fragmentation. 

Thus, in a preferred embodiment of the first aspect of the invention and in accordance with 
the second aspect of the invention, for said at least some of the blastholes with a respective 
5 deck of explosives in each of the first and second bodies of material, the first body of 
material may incorporate different inter-hole and inter-row (between adjacent rows) 
blasthole timing to the second body of material. The first body of material may also fire, 
with this different inter-hole and inter-row blasthole timing, a substantial time later than 
the second body of material, for example of the order of hundreds of milliseconds or even 
10 more than 10 seconds, thus allowing the second body of material to move laterally (in a 
throw blast) before the first body of material is fired. However, it may in some cases be 
desired to fire the first body of material before the second body of material, particularly if 
it is desired to use the second body of material to buffer at least part of the blast in the first 
body of material in a vertical direction. 

15 

In the first aspect of the present invention, and in the second aspect if the second body of 
material is subjected to a throw blast, the first body of material may be buffered in the 
direction of throw defined by the throw blast of the second body of material, as described 

20 herein. The buffering may be at least partly provided by material from the second body of 
material thrown in a throw blast in said single cycle. In this embodiment, the portion of 
the second body of material designed to provide the buffering material for the first body of 
material is usually adjacent at least one free face and is divided into layers by respective 
decks of explosives in the blastholes in said portion of the second body of material, and all 

25 the decks of explosives in any one layer of said portion are fired before any deck in a layer 
of said portion beneath said one layer. 

It may be advantageous to provide some buffering material at the level of and over the first 
body of material, particularly where the first body is to be subjected to a stand-up blast in 
30 accordance with the first aspect of the invention. The intention is that the buffering 
material protects the first body of material from the effect of the throw blast of the second 
body of material. In this way the buffering material may be used to minimise or prevent 
stripping of material from the first body of material as a result of throw blasting of the 
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second body of material. 

The buffering material may comprise previously blasted or imported material that is 
positioned as required prior to blasting in accordance with the present invention. In this 
5 case the buffering material may be brought to a blast site by truck and positioned using any 
suitable (earth moving) equipment. Alternatively, as discussed above, the buffering 
material at least partly comprises material thrown from the second body of material in a 
throw blast in said single cycle. In this embodiment, the method of the invention may 
include initially blasting, as part of the single cycle, a front portion of the second body of 

10 material adjacent the free face thereof such that material falls in front of and over the first 
body of material to provide the buffer. This front portion may have a blast design (eg. 
powder factor, loading and/or timing) that does not throw it too far, but just permits it to 
fall down from the free face and lie in a suitable position in front of and over the first body 
of material. The main throw blast of the second body of material may then follow the 

15 initial blast after some delay. Such a delay may be as great as or, for example, 
substantially more than 1 second. 

When the front portion of the second body of material is used to provide buffering 
material, the front portion may not be drilled to the full depth of the second body. 
20 Alternatively, the front portion may be divided into layers by respective decks of 
explosives in the blastholes in said portion of the second body of material, and all the 
decks of explosives in any one layer of said portions may be fired before any deck in a 
layer of said portion beneath said one layer. 

25 As noted above, it may be advantageous to initiate the explosives in blastholes in the first 
body of material from the back of the blast (remote from the location of the free face) 
towards the front of the blast (adjacent the location of the free face) when the second body 
of material is being used to provide buffering for the first body. In one embodiment, the 
throw blast of the second body may be fired conventionally and the interburden of the first 

30 body may be fired soon after the last hole of the throw blast, being initiated from the back 
of the blast towards the front. The initiation timing of the interburden blast of the first body 
is selected so that the first rows are fired while the throw material above is still airborne, 
and the rows at the front of the blast are fired after buffering material from the throw blast 
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has collected in front of the blast. This allows vertical relief of the interburden blast of the 
first body to improve the diggability of the interburden while maintaining controlled 
horizontal movement of the stand-up blast. The controlled movement and placement of 
material from the second body allows blasting of the economic mineral while maintaining 
5 stringent control over its movement, resulting in low losses and dilution. 

Where the movement or breakage of a recoverable mineral seam is required to be kept to a 
minimum and the seam is located adjacent to one or more other strata (such as waste 
material) that are required to be substantially broken or moved by the blast, explosive 

10 loading in, above and/or below the recoverable mineral seam should be substantially 
reduced or avoided altogether through the use of inert stemming material or air decks. 
Thus, some blastholes may be loaded with explosives in particular horizons and only 
lightly loaded, or left completely uncharged, in other horizons. It may also be appropriate 
to drill different blasthole patterns in the different horizons, whereby higher powder factors 

15 may be achieved in specific horizons by drilling more holes into that horizon, and vice 
versa, as discussed above. In a situation where there are two or more strata of recoverable 
mineral, the blastholes, or some of them, may not be drilled into the lowermost stratum of 
recoverable mineral. Other techniques for reducing damage to mineral seams may be 
advantageously used within this invention. These may include the use of lower density 

20 explosives, and/or products with lower energy in or near the mineral. Other techniques 
may also be used, such as "baby decking", wherein the explosives in each of at least some 
of the blastholes in the second body of material are provided as a main column of 
explosives and a relatively small deck of explosives spaced from and beneath the main 
column. Preferably, the small deck of explosives is located just above the mineral and is 

25 fired on a separate delay from the main column of explosive in the burden. 

In particular embodiments of the practice of the method of the invention in the manner 
described in the immediately preceding paragraph, any one or more of the following 
features may be provided: 

30 

the explosives in the second body of material are spaced from the bottom of 
the second body of material; 

where the first body of material comprises two strata of recoverable mineral 
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and at least one stratum of interburden therebetween, the explosives in the 
first body of material are disposed only in the at least one stratum of 
interburden; 

the explosives in the interburden may be spaced from the strata of 
5 recoverable mineral; 

the blastholes may not be drilled into the lowermost strata of recoverable 
mineral in the first body of material; 

the explosives in each of at least some of the blastholes in the interburden 
may be provided as a main column of explosives and a relatively small deck 
10 of explosives spaced from and beneath the main column; 

the relatively small deck of explosives may be fired on a different delay to 
the main column. 

Advantageously, the loading and blasting in the single cycle in accordance with either 
15 aspect of the invention are preceded by blasthole logging to determine the location of any 
stratum of recoverable mineral in each blasthole. The accurate location of mineral strata 
and hence of appropriate explosives and or inert decking columns may be facilitated 
through the use of blasthole logging techniques, including techniques such as gamma-ray 
logging. Preferably three dimensional geometrical models of rocks and mineral strata are 
20 constructed from the logging and may be used in conjunction with blast computer models 
to optimise explosives loading configurations. 

Advantageously, an electronic delay detonator system that preferably provides the features 
of a total burning front, delay accuracy and flexibility is used in the method of the 

25 invention. Electronic detonators, with accurately programmable delays, will greatly 
facilitate the desired inter-row and/or inter-hole blasthole delay times in accordance with 
the second aspect of the invention. Suitable electronic detonators for use in the present 
invention include the i-kon™ (Orica) detonators. The electronic detonators may be wired 
or wireless. The use of wireless detonators may allow very extended delays between the 

30 blasts in the first and second bodies, and/or between strata within the bodies as described 
above, but always within the single cycle of drilling, loading and blasting. 

However, the method of the invention could be achieved with pyrotechnic delay 
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detonators, either non-electrically-initiated shock tube pyrotechnic delay detonators or 
electrically-initiated pyrotechnic delay detonators. Two modes of pyrotechnic detonator 
initiation tie-up, described below by way of example, may be employed to achieve either 
the first or second aspects of the invention. 

5 

The first mode of non-electronic detonation comprises the use of pyrotechnic downhole 
delays in the first body of material that are longer than those used in the second body of 
material, while using a single set of surface initiators as in conventional practice. This 
would provide separation in time of the blasts in the two bodies but with each blast in each 

10 body essentially having the same nominal inter-hole and inter-row delay. The throw blast/s 
in the second body of material would be achieved through appropriate design parameters, 
including powder factor/s and the use of substantially free faces to enable a significant 
proportion of the blasted material to be thrown into the void space in front of the blast. 
Conversely, the stand-up blast/s in the first body of material would be achieved through 

15 appropriate design parameters, including powder factor/s and the presence of buffering, for 
example by material from the upper layers. 

The second mode of non-electronic detonation comprises the use of downhole pyrotechnic 
delays in the first body of material that are longer than those used in the second body of 

20 material, in addition to using multiple sets of surface initiators, with each set of surface 
intiators connected to the downhole delays in the corresponding blast stratum. This would 
provide separation in time of the blasts in the separate bodies and would provide different 
inter-hole and inter-row delays in each blast layer, thus achieving the second aspect of the 
invention. As for the first mode, the throw blast/s would be facilitated by free faces while 

25 the stand-up blasts may be facilitated by buffering material, for example from the second 
body. 

The applicant's International Patent Application No. WO 02/057707 published on 25 July 
2002 (and the corresponding United States National Phase Application 10/469093) 
30 discloses preferred criteria for a throw blast using electronic detonators, and its full 
disclosure is incorporated herein by reference. That patent application describes blast 
design parameters suitable for throw blasting as well as for blasts that require restriction of 
forward movement of the muckpile. Methods disclosed in that patent application may be 
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applied in the first aspect of the invention in throw blast and/or stand-up blast designs and 
in the second aspect of the invention for various blast designs as required. 

Various embodiments of a method of blasting in accordance with the present invention will 
5 now be described by way of example only, with reference to the accompanying drawings, 
in which: 

Figure 1 illustrates a generalised concept of the method of the invention; 
10 Figure 2 illustrates a first particular embodiment of the method of the invention; 



Figure 3 illustrates a second particular embodiment of the method of the invention; 
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Figure 4 illustrates a third particular embodiment of the method of the invention; 

Figure 5 illustrates a fourth particular embodiment of the method of the invention; 

5 Figure 6a and 6b are plan and cross-sectional views, respectively, of a blast as described in 
the Example, which is in accordance with the embodiment of Figure 5; and 

Figure 7 illustrates a blast in accordance with the invention which achieves a differential 
fragmentation outcome; and 
10 Figure 8 is a plan view similar to Figure 6a, but of another blast in accordance with the 
invention. 

Figure 1 illustrates a generalised concept for blasting two or more layers of material in 
accordance with the first invention. A first body 10 of material is shown as extending 
15 beyond a free face 12 of a second body of material 14. However, as in the embodiments of 
Figures 2 to 4, the free face 12 may extend to the bottom of the first body 10. 

In the embodiment shown the first and second bodies 10, 14 of material may be of the 
same or different material. Thus, the second body of material may comprise burden or 

20 recoverable mineral (e.g. coal, ore), and the first body of material may comprise burden or 
recoverable mineral (e.g. coal, ore). Similarly, the first and second bodies of material may 
comprise materials having the same or different characteristics. For example, the first and 
second bodies of material may comprise predetermined regions of the same geological 
formation, or regions within a formation that have different geological characteristics e.g. 

25 hardness. Generally, but not necessarily, the second body 14 will be of one or more strata 
of overburden, while the first body 10 will have a stratum of recoverable mineral 
immediately (such as coal) below the second body 14, for example as illustrated in Figure 
4. However, at least a second stratum of recoverable material may be disposed as the 
lowermost stratum of the first body 10 with interburden between the or each two adjacent 

30 strata of recoverable mineral, as shown in Figures 2 and 3. 
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Returning to Figure 1, the blastfield 16 is shown as having six rows of blastholes, but any 
number and arrangement of blastholes may be provided in order to give the desired 
differential outcomes of blasts, in this case a throw blast of the second body 14 of material 
and a stand-up blast in the first body 10 of material. The blastholes are shown as vertical, 
5 but those in any one row may be inclined, for example by up to about 30 °, or even 40°. 

As shown in this example, only some of the rows of blastholes, 18, 20, 22 and 24 along the 
blastfield 16 extend downwardly through both bodies 10 and 14 of material. The rows of 
blastholes 18, 20, 22 and 24 are approximately equally spaced, with the row 18 being the 

10 front row closest to the free face 12. Spaced between rows of the blastholes 18, 20, 22 and 
24, in this case rows 18, 20 and 22, 24, may be further rows of blastholes 26 and 28, 
respectively, that extend downwardly only through the second body 14 of material. Such 
designs allow for more blastholes in one body of material, in this case the second body 14 
of material. Higher explosive powder factors, for example to increase forward 

15 displacement of the second body of material 14, may be achieved differentially in the 
layers in this way. 

Two decks of explosives material 46, one in each of the first and second bodies 10 and 14 
of material, are shown in each of the blastholes 18, 22 and 24. However, in this 

20 generalisation, only one deck of explosives, in the first body 10, is shown in blasthole 20. 
Each of the shallower blastholes 26 and 28 also contains explosives material 46, with 
stemming material or air decks 45 being provided between the two decks of explosives in 
the boreholes 1 8, 22 and 24, and stemming material being provided above the explosives 
in all of the blastholes. Each or any of the blasthole pattern, the explosive type, density 

25 and loading, the powder factor and the initiating timing in the two bodies of material may 
be varied to provide the throw blast of the second body 14 of material and the stand-up 
blast in the first body 10 of material. Additionally, the buffering provided by the 
continuity of the first body 10 of material forwardly of the free face 12 would be taken into 
consideration in designing the stand-up blast in the first body 10. 

30 

The throw blast should be designed to throw at least 10% of the material of the second 
body 14 forwardly onto the floor 30 of the void 32 in front of the free face 12. More 



CLEAN SUBSTITUTE COPY 



-23- 

preferably, at least 15 to 30% or even more of the second body 14 of material is thrown 
forwardly onto the floor 30 by the throw blast. The more material that is thrown forwardly 
onto the floor 30, especially beyond a position of final spoil of waste material the less 
mechanical excavation and clearance of the material in the second body 14 needs to be 
5 performed to expose the first body 10. 

The stand-up blast in the first body 10 is designed to break up the first body, usually within 
several seconds after the throw blast in the second body, but without throwing the material 
of the first body forwardly. Thus, any strata of recoverable mineral in the first body of 
10 material will be broken up but not substantially displaced. Thus, once the blasted second 
body of material has been cleared from the blast field, the exposed first body 10 may be 
excavated immediately in the same mining cycle. 

Figure 2 illustrates a specific embodiment of the generalised concept of Figure 1, with the 
15 same arrangement of rows of blastholes, and for convenience only the same reference 
numerals will be used as in Figure 1 where appropriate. Here there are four layers of 
material: a bottom coal seam 44 that is blasted with a stand-up blast design, an interburden 
layer 42 that is also blasted with a (different) stand-up blast design, a thin upper coal seam 
38 that is sufficiently thin not to require any blasting and an uppermost overburden layer 
20 40 that is blasted with a throw blast design. Another major difference in Figure 2 is that the 
material of all of the layers of material ahead of the face 12 has been previously blasted 
and excavated so that the floor 34 of the void 32 in front of the face is at the level of the 
bottom of the first body 10 of material. Some previously blasted material on the floor 34 
has been pushed into a pile 36 against the face 12 up to the level of the upper coal seam 38, 
25 to act as a buffer for the coal seams 38 and 44 and interburden 42 and enhance the stand-up 
blasts in those seams. It is equally possible for the top level of the pile 36 to extend just 
above the top level of the coal seam 38. 

Decks 46 of explosives material are provided in each of the strata 40, 42 and 44, but not in 
30 the thin stratum 38 of coal. These decks would generally comprise different quantities and 
possibly types of explosive to provide different powder factors within each stratum. An 
electronic delay detonator 48, shown schematically, is provided in each of the decks 46 of 
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explosives, and air decks or inert stemming (45) are provided between and above the decks 
of explosives in each blasthole. 

In this example, the detonators 48 in the decks 46 in the stratum 40 of overburden of the 
5 second body 14 are initiated first, in order from the front row of blastholes 18 rearwards. 
The blasthole pattern, explosive type, density and/or loading, the powder factor and/or the 
initiation timing in the stratum 40 are designed with the intent of throwing as much of the 
blast material from the stratum 40 as possible in the circumstances forwardly of the free 
face 12 onto the floor 34 of the void, especially beyond a final spoil position on the floor 
10 such that mechanical excavation of such thrown material is not required. 

In the same blasting cycle and within seconds of the throw blast of the overburden, the 
explosive material in the strata 42 and 44 is initiated, with the blasthole pattern, explosive 
type, density and/or loading, the powder factor and/or the initiating timing being designed 
15 to create a stand-up blast in which the material of the three strata 38, 42 and 44 is broken 
up but otherwise minimally displaced or thrown forwardly. The stand-up blast in the 
stratum 42 may occur before, after or at the same time as the stand-up blast in the stratum 
44, and in each of these strata the initiation may be from the front row of blastholes 18 
rearwards, the opposite, all at the same time or otherwise. 

20 

Once the blast in the first and second layers 10 and 14 has been completed, the residual 
overburden from the second body 14 may be excavated, followed by the coal in the 
stratum 38, the interburden from the stratum 42 and, lastly, the coal from the stratum 44, 
all in the same mining cycle. 

25 

Turning now to Figure 3, the arrangement is very similar to that in Figure 2 and, again, for 
convenience only the same reference numerals will be used, as they will in Figure 4. Once 
again, the layers of the blast field consist of a stratum 40 of overburden, two strata 38 and 
44 of coal and a stratum 42 of interburden. A buffer 36 of previously blasted material lies 
30 up against the free face 12 up to about the level of the top of the upper coal seam 38. 

In this instance, only the four rows of through blastholes 18, 20, 22 and 24 are provided, 
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and these are inclined with the toe towards the floor 34 and do not extend into the stratum 
44 of coal. Thus, no explosives material is provided in the strata 38 and 44. Otherwise, 
the arrangement of decks 46 of explosives and electronic delays detonators (not shown) is 
similar to that in Figure 2. 

5 

Once again, the explosive type, density and/or loading, the powder factor and/or the 
initiation timing in the two strata of burden are designed to create a stand-up blast in the 
lower interburden stratum with minimal displacement or lateral movement of the coal 
seams and a throw blast of as much of the overburden 40 as possible in the circumstances. 
10 The design is also such that the coal in the stratum 44 is broken up, but not otherwise 
substantially displaced, by the blast at the toe of the blastholes in the interburden stratum 
42. 

In Figure 4, there is only a single stratum 38 of coal beneath the overburden 40, and in this 
15 instance decks 46 of explosives material are provided in the rows of blastholes 18, 20, 22 
and 24 in the stratum 38, designed to break up the coal, but not otherwise displace it or 
dilute it with overburden material, in a stand-up blast. Again, the blast from the deck 46 of 
explosives in the stratum 40 of overburden is designed to throw as much as possible of the 
overburden on to the waste pile 36, which acts as a buffer for the first body 10. 

20 

Figure 5 illustrates a variation of the blasting methodology illustrated in Figure 2. For 
convenience the same reference numerals will be used as in Figure 2 where appropriate. In 
the situation shown in Figure 5 the front row of the overburden blast is fired first, some 
considerable time (of the order of seconds) earlier than the ensuing throw blast in the rest 

25 of the overburden material 40. This delay and the initiation timing of the entire blast are 
again provided an by electronic detonator system. The blastholes in the front row need not 
be drilled to the full depth of the overburden layer 40 but may instead only be drilled to a 
proportion of this depth. Alternatively, while Figure 5 shows this front row of blastholes 
to extending downwards into the lower strata 42, this is not necessary. Such holes may be 

30 confined to the overburden layer 40, and then need not extend to its full depth. This portion 
of the blast is designed with a low powder factor and an appropriate delay timing so as to 
ensure that the broken material falls directly in front of at least some of the underlying 
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strata of the first body of material 42 to be subjected to stand-up blasts. In this way, this 
material automatically provides buffering material 36 without the need to mechanically 
place such material in front of the blast block prior to the single cycle of drilling, loading 
and blasting all of the blastholes. The ensuing throw blast and subsequent stand up blasts 
5 follow as described earlier herein. This technique may also be applied to blasts where the 
blastholes do not extend into the lowermost stratum (as in conventional throw blasts where 
the underlying coal seam is not blasted in the same blast cycle but it is still necessary to 
provide buffer material in front of the coal to restrict any displacement that may occur 
during the throw blast of the overburden material). 

10 

A typical example of the generic multilayer blast as shown in Figure 5 is given here and is 
illustrated in Figures 6a and 6b. For convenience the same reference numerals will be used 
as in Figure 2 where appropriate. Figure 6a shows a series of individual blastholes (a, b, c, 
d, e, f) arranged in rows A-F. Not all blastholes are labelled but it will be appreciated that 

1 5 all blastholes in the same row are identified by the same letter in the figure. Thus, row A 
comprises 6 blastholes denoted a. In Figure 6a the numbering adjacent each blasthole is 
representative of the number of detonators in the blast hole and of the detonator delays (in 
ms) reading from top to bottom. For example, each blasthole a in row A has 3 detonators in 
it whereas each blasthole b in row B has only 1 detonator in it (this is shown more clearly 

20 in Figure 6b). The blast illustrated in Figures 6a and 6b incorporates, all within the same 
cycle of drilling, loading and blasting the blastholes, an initial small buffering blast (in row 
A) and a subsequent throw blast within an upper overburden layer 40, an underlying coal 
seam that is not specifically blasted, an underlying interburden layer 42 that is blasted with 
a stand-up blast design and an underlying coal seam that is subsequently blasted in the 

25 same cycle with a different stand-up blast design (in rows B-F). In addition, this single 
cycle has a conventional "presplit" or "mid-split" row behind the back row of main 
blastholes (not shown in Figure 5). This presplit row G is very lightly charged and employs 
very short or zero inter-hole and inter-deck delays in order to form a crack network 
between holes that defines the new highwall for subsequent blasts. It may be timed to fire 

30 either before or during the throw blast portion of the multilayer blast. All the 
aforementioned blasts within layers take place within a total time period of several 
seconds. While this example shows all these various blast types within the single cycle, it 
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is an example for demonstration purposes and any one or some of these component blasts 
is optional (for example, the buffering blast or presplit may be omitted, with corresponding 
adjustments made to the hole initiation times following the principles employed in the 
various blast sections in this example). 

5 

In this example, the depths of the strata are as follows: 
Stratum 1 (upper overburden layer): 20 m 
Stratum 2 (underlying coal seam): 4 m 
Stratum 3 (underlying interburden layer): 15 m 
10 Stratum 4 (underlying coal seam): 10 m 

In this example, there are additional rows, namely rows B and E in the uppermost (throw) 
layer of the blast as compared to the lower (stand-up) layers. This provides a higher overall 
powder factor and more extensive distribution of explosives within this layer, promoting 
1 5 forward movement of this layer of the blast. 

The blast pattern employed here is a nominal burden distance (between rows and between 
the front row and free face) of 7 m and a nominal spacing distance (between holes within 
rows parallel to the free face) of 9 m. The blastholes (a-g) have a nominal diameter of 270 

20 mm. The inter-row burden and the inter-hole spacings may vary from the front to the back 
of the blast. In this example, the inter-row burden between rows C and D is different, 8 m. 
The "stand-off' or separation distance between the back row of blastholes, row F, and the 
presplit row is 3 m at the collar. In this example, the presplit holes in row G are inclined 
slightly while the other blastholes are vertical. Blasthole angle may change throughout the 

25 blast pattern as required. The inter-hole spacing between holes in the presplit row (row G) 
is 4m. While electronic detonators 48 are included in every explosive deck 46, this is not 
necessary in the presplit row, whose decks of explosive may be initiated by detonating 
cord within groups of ten holes while each group is initiated by an electronic detonator. 

30 In this example, the number of holes per row is not specified, being a function of the 
overall size of blast to be fired along a mining strip. The first hole to be initiated is shown 
as the first hole of row A, but the direction of initiation along the blast may be chosen 
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according to site conditions, especially such that the blast initiates in a direction away from 
any areas that present the highest concern in terms of vibration and/or airblast. 
Alternatively, the blast may be initiated from a central position in both directions, 
following the design principles described here. 

5 

In this example the strata and rows are charged as follows: 

Stratum 1: Row A: ANFO explosive 250 kg. (Powder factor= 0.2 kg/m 3 ) 
Stratum 1: Row B and Row C: Heavy ANFO explosive 950 kg (Powder factor= 0.75 
10 kg/m 3 ) 

Stratum 1: Row D: Heavy ANFO explosive 900 kg (Powder factor= 0.62 kg/m 3 ) 

Stratum 1: Row E and Row F: Heavy ANFO explosive 700 kg (Powder factor= 0.55 

kg/m 3 ) 

Stratum 1: Row G (presplit): Waterproof emulsion explosive in toe deck 60 kg, ANFO 
15 explosive in mid and upper decks 50 kg with air decks in between the explosive decks 
(Presplit Powder factor= 0.8 kg/m 2 of highwall area) 

The explosive charges in stratum 1 are located 3 m above the top of the upper coal seam 
38, being loaded onto inert stemming material, thus providing an inert "stand-off distance 
between the coal seam and the bottom of the explosive charges to minimise movement of 
20 the coal seam as a result of the throw blast above. 

Stratum 2: All rows: Nil explosive charge, inert stemming material is backfilled into the 
holes through the coal seam stratum 2. This layer of inert material extends below, as well 
as above, the coal seam for 3 m, with a greater layer of inert material below stratum 1 in 
25 row 1 . 

Stratum 3: Row A: Heavy ANFO explosive 280 kg. (Powder factor= 0.30 kg/m 3 ) 
Stratum 3: Row C: Heavy ANFO explosive 620 kg (Powder factor= 0.33 kg/m 3 ) 
Stratum 3: Row D: Heavy ANFO explosive 350 kg (Powder factor= 0.33 kg/m 3 ) 
30 Stratum 3: Row F: Heavy ANFO explosive 570 kg (Powder factor= 0.30 kg/m 3 ) 
Stratum 3: Row G (presplit): Loaded as described earlier 
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The explosive charges in stratum 3 are located 3 m above the top of the bottom coal seam 
44, being loaded onto inert stemming material, thus providing an inert "stand-off distance 
between the coal seam and the bottom of the explosive charges. 

5 Stratum 4: Row A: Waterproof emulsion explosive 160 kg. (Powder factor= 0.25 kg/m 3 ) 
Stratum 4: Row C: Waterproof emulsion explosive 320 kg (Powder factor= 0.25 kg/m 3 ) 
Stratum 4: Row D: Waterproof emulsion explosive 180 kg (Powder factor= 0.25 kg/m 3 ) 
Stratum 4: Row F: Waterproof emulsion explosive 250kg (Powder factor= 0.20 kg/m 3 ) 
Stratum 4: Row G (presplit): Loaded as described earlier 

10 

In this example the explosive charges in strata and rows are initiated as follows: 

Stratum 1: Row A: Zero milliseconds between holes in groups of 5 holes, with 25 ms 
between groups. 

15 Stratum 1: Row B and Row C: Row B commences 1500 ms after row A. Row C 
commences 300 ms after row B. Inter-hole delays of 10 ms are used in rows B and C. 
Stratum 1: Row D: Row D commences 300 ms after row C. Inter-hole delays of 10 ms are 
used. 

Stratum 1: Row E and Row F: Row E commences 300 ms after row D and row F 
20 commences 350 ms after row E. Inter-hole delays of 15 ms are used in row 5 and inter- 
hole delays of 25 ms are used in row F. 

Stratum 1-4: Row G (presplit): All decks within the presplit holes fire on the same delay. 
The presplit row is initiated in groups of ten holes all on the same hole delay, with 25 ms 
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between groups of ten holes. The first group of holes initiates 150 ms after the first hole in 
row B. 

Stratum 3: Row C: Initiated 500 ms after the first charge in Stratum 1 row F. Inter-hole 
5 delays of 50 ms are used in this layer in row C. This row is the first row to fire in this layer 
in order to provide initial breakage in the central zone and ensure minimal movement of 
the stand-up sections of the blast towards the free face. 

Stratum 3: Row D: Initiated 100 ms after the first charge in Stratum 3 row C. Inter-hole 
delays of 50 ms are used in this layer in row D. 
10 Stratum 3: Row A: Initiated 150 ms after the first charge in Stratum 3 row C. Inter-hole 
delays of 50 ms are used in this layer in row A. 

Stratum 3: Row F: Initiated 150 ms after the first charge in Stratum 3 row D. Inter-hole 
delays of 50 ms are used in this layer in row F. 
Stratum 3: Row G (presplit): Already initiated as described earlier. 

15 

Stratum 4: Row C: Initiated 200 ms after the first charge in Stratum 3 row F 
delays of 50 ms are used in this layer in row C. 

Stratum 4: Row D: Initiated 100 ms after the first charge in Stratum 4 row C 
delays of 50 ms are used in this layer in row D. 
20 Stratum 4: Row A: Initiated 50 ms after the first charge in Stratum 4 row D 
delays of 50 ms are used in this layer in row A. 

Stratum 4: Row F: Initiated 150 ms after the first charge in Stratum 4 row D 
delays of 50 ms are used in this layer in row F. 
Stratum 4: Row G (presplit): Already initiated as described earlier. 

25 

This blast will yield the following: 

1 . A layer of buffering material from stratum 1 row A in front of the main (bottom) coal 
seam. 

30 2. A substantial proportion of material from stratum 1 rows B, C, D and E thrown into a 
final spoil position, due to the combination of high powder factors, shorter inter-hole 
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delays and longer inter-row delays, with initiation proceeding from the free face 
backwards into the blast block. 

3. A presplit forming a clean highwall at the back of the entire blast block. 

4. Stand-up blasts within strata 3 and 4, designed with lower powder factors, central 
5 initiation, longer inter-hole delays and shorter inter-row delays in contrast to stratum 1, 

thus providing adequate breakage of material in strata 2, 3 and 4 to enable the 
excavation of the material and recovery of coal without substantial disruption or 
crushing of the coal seams, or dilution of the coal seams with the inter- or over-burden 
material. 

10 

Figure 7 shows an example of a blast in accordance with the invention with specific 
designs for differential fragmentation outcomes within each of the separate layers. For 
convenience the same reference numerals will be used as in Figure 2 where appropriate. 
The same approach as used in Figures 6a and 6b will be used to identify rows of blastholes 
15 and individual blastholes within such rows. Figure 7 shows an overburden layer 50 on top 
of a recoverable mineral layer 52. While this example only shows two layers, several 
layers may be involved, each with similarly differential designs in order to achieve 
differential fragmentation outcomes. 

20 The overburden layer 50 has a blast designed to result in finer fragmentation for increased 
excavation productivity. By contrast, the recoverable mineral layer 52 has a blast designed 
for coarser fragmentation to produce more "lump" material, which has a higher value for 
some minerals such as coal and iron ore. The use of different inter-hole and inter-row 
(between adjacent rows) timing, as well as multiple in-hole initiation, all in combination 

25 with a higher powder factor in the overburden layer 50 as compared to that in the mineral 
layer 52, enable the differential fragmentation outcomes to be achieved. 

In Figure 7, there are six rows A-F of blastholes a-f. In this example, only four rows, 
namely rows A, C, D, and F, extend into the mineral layer 52. The nominal blasthole 
30 diameter is 270 mm and the nominal burden distances between rows and spacing distances 
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between holes within rows are 7 m and 9 m respectively. The depth of the overburden 
layer is 40 m and that of the mineral layer is 10m. 

In this example, the number of holes per row is not specified, being a function of the 
5 overall size of blast to be fired along a mining strip. The first hole to be initiated is taken as 
the first hole of row A, however the direction of initiation along the blast may be chosen 
according to site conditions, especially such that the blast initiates in a direction away from 
any areas that present the highest concern in terms of vibration and/or airblast. 
Alternatively, the blast may be initiated from a central position in both directions, 
10 following the design principles described here. 

In this example the strata and rows are charged as follows: 

Stratum 1: Row A: Heavy ANFO explosive 2000 kg. (Powder factor= 0.79 kg/m 3 ) 
15 Stratum 1: Rows B, C, D and E: Heavy ANFO explosive 1800 kg (Powder factor= 0.71 
kg/m 3 ) 

Stratum 1 : Row F: ANFO explosive 1400 kg (Powder factor= 0.56 kg/m 3 ) 

The columns of explosive charges in stratum 1 are located 3 m above the top of the upper 
20 coal seam 52, being loaded onto inert stemming material 45, thus providing an inert 
"stand-off distance between the coal seam and the bottom of the explosive charges. 

Stratum 2: Row A: Heavy ANFO explosive 200 kg. (Powder factor= 0.32 kg/m 3 ) 
Stratum 2: Row C: Heavy ANFO explosive 400 kg (Powder factor- 0.32 kg/m 3 ) 
25 Stratum 2: Row D: ANFO explosive 150 kg (Powder factor= 0.24 kg/m 3 ) 

Stratum 2: Row F: Heavy ANFO explosive 400 kg (Powder factor= 0.32 kg/m 3 ) 

In this example the explosive charges in the strata and rows are initiated as follows: 

30 In all blastholes in stratum 1, dual in-hole initiation is used. In this example, the 
"initiators" comprise an electronic detonator within a suitable primer. In stratum 1, the 
bottom initiator in each hole fires first, with firing of the top initiator delayed by 2 ms from 
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the bottom initiator. This enabling detonation both downwards and upwards within each 
column of explosive within stratum 1 . 

Stratum 1: Row A: 12 ms delay between holes. 
5 Stratum 1 : Rows B, C, D and E: Row B commences 100 ms after row A. Rows C, D and E 
commence 150 ms after the preceding row. Inter-hole delays of 12 ms are used in rows B, 
C, D and E. 

Stratum 1: Row F: Row F commences 150 ms after row E. Inter-hole delays of 26 ms are 
used in row F. 

10 

Stratum 2: Row C: Initiated 1500 ms after the last charge in Stratum 1 row F. Inter-hole 
delays of 60 ms are used in this layer in row C. 

Stratum 2: Row D: Initiated 150 ms after the first charge in Stratum 2 row C. Inter-hole 
delays of 60 ms are used in this layer in row D. 
15 Stratum 2: Row A: Initiated 150 ms after the first charge in Stratum 2 row D. Inter-hole 
delays of 60 ms are used in this layer in row A. 

Stratum 2: Row F: Initiated 200 ms after the first charge in Stratum 2 row D. Inter-hole 
delays of 70 ms are used in this layer in row F. 

20 This multilayer blast will yield finer fragmentation in the overburden layer in stratum 1 
and coarser fragmentation with more "lump" material in the mineral layer in stratum 2. 

In another example, the invention was implemented in a large strip coal mine in the 
following manner. A bench comprising a first body of material of depth 18 m, which 
25 consisted of a bottom coal seam of depth 2.8 m covered by a layer of interburden of depth 
12m overlaid by an upper coal seam of depth 3.2 m and a second body of material 
comprising overburden of depth 38 m, was drilled, loaded with explosives and initiators 
and blasted in one cycle. 

30 The first body of material was subjected to a stand-up blast, which commenced about 7 
seconds after the second body of material had been subjected to a throw blast. Different 
inter-hole and inter-row delay timing was used within the first body of material and the 
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second body of material. The blasthole diameter was 270 mm, the burden ranged from 6 to 
7.5 m and the spacing was 9 m. Accurate positioning of explosive charges and inert decks 
was achieved through 'gamma logging' of blastholes to accurately locate the positions of 
the coal seams. These were plotted in a three dimensional model in a blast design package. 
5 A sophisticated predictive blast model was then used to optimise the energy distribution of 
explosives in the various layers. 

In this example, explosive was loaded into the bottom coal seam and the interburden layer 
above that in the first body of material and into the uppermost layer of overburden in the 

10 second body of material, above the upper coal seam. The upper coal seam in the first body 
of material was not loaded with explosive. Hence three separate strata, two in the first body 
of material, were loaded with explosives and initiators. Electronic detonators were used for 
blast initiation in all three layers blasted. The blast initiation timing design is shown in 
Figure 8 using the same approach as Figure 6a to identity rows of blastholes and individual 

15 blastholes within the rows. The firing times for the electronic detonators are shown 
alongside each hole. The firing times refer, reading from top to bottom, to the uppermost 
explosive deck in the overburden throw blast, the explosive deck in the interburden stand- 
up blast and the explosive deck in the bottom coal seam stand up blast. While Figure 8 
shows the initiation pattern, it only shows the first few holes of the entire blast field. The 

20 total duration of the "multiple blast" throughout the blast field was 11180 ms. The blast 
was successfully fired and the following results were achieved: 

1. A higher percentage of material thrown clear of the blast field was achieved, at 45.5% 
as compared to the 25% conventionally achieved; 
25 2. The material from the throw blast was efficiently excavated by a dragline indicating 
suitable fragmentation and swell; 

3. When excavated, the coal loss and damage were minimal and the coal recovery was 
higher than achieved conventionally; 

4. The drill, load and blast cycles were reduced from four separate cycles to one, 
30 representing a major gain in productivity for the mine; and 

5. The reduction in the number of blast events from four to one, meaning reduced 
environmental impact from noise, vibration and dust. 
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Those skilled in the art will appreciate that the invention described herein is susceptible to 
variations and modifications other than those specifically described. It is to be understood 
that the invention includes all such variations and modifications which fall within the spirit 
5 and scope. The invention also includes all of the steps, features, compositions and 
compounds referred to or indicated in this specification, individually or collectively, and 
any and all combinations of any two or more of said steps or features. 

Throughout this specification and the claims which follow, unless the context requires 
10 otherwise, the word "comprise", and variations such as "comprises" and "comprising", will 
be understood to imply the inclusion of a stated integer or step or group of integers or steps 
but not the exclusion of any other integer or step or group of integers or steps. 

The reference to any prior art in this specification is not, and should not be taken as, an 
1 5 acknowledgment or any form of suggestion that prior art forms part of the common general 
knowledge in Australia. 



